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REMARKS 



This Preliminary Amendment cancels, without prejudice, originally-filed 
claims 1-34 in underlying PCT Application No. PCT/DE00/02012. New claims 35-70 
have been added merely to conform the claims to U.S. Patent and Trademark Office 
practice and standards, and do not add new matter to the application. Furthermore, the 
addition of these new claims in no way addresses any issues of patentability, and the 
new claims are provided to place the application in condition for allowance. 

The amendment to the abstract and the substitute specification are provided 
to correct grammatical and syntactical errors and otherwise to conform the specification 
and abstract of the above-identified application to the U.S. Patent and Trademark Office 

m practice. No new matter has been introduced to the application. 

CO 

pj The amendments to the "Claims" is reflected in the attached "Version With 

Marked Changes Made." 

Favorable consideration on the merits is respectfully requested. 
~ Respectfully submitted, 



Dated: December 18, 2001 By:_ 




Louis S Sorell 
Reg. No. 32,439 



BAKER BOTTS L.L.P. 
30 Rockefeller Plaza, 44th floor 
New York, New York 101 12-0228 
(212) 408-2500 
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UWE) CLAIM : 

35 4_An electromechanical connection between electronic circuit systems (±Q)-and 
substrates-{2©), in which an comprising the electronic circuit system (4-©}-and a-substrate (20) are 
mechanically connected fixedly to one another, gnielectrical connection elements (11, 21) w hich 
face one another on the electronic circuit system (10) and the substrat e (20) are in each case 
connected in an electrically conductive manner by means of microcapsules (23 1, 23 2), and in 
which the microcapsules (23 1, 23 2) are formed bvfrom grains (23 1) which are coated with a 
dielectric (23 2) and which are at least in part are n artjally electrically conductive, characterized 
in^ha twherein the dielectric (23 2) of the microcapsules (23 h 23 2) is broken open at least on 
its— areas which face the electrical connection elements (H^tg — and — at th e 
con-espondinglye rgYKig exposed areas of the grains^ (23 l) and an electrically conductive 
soldered joint (25 to 28) is formed in each case between the exposed areas of the grains (23 1) 
and the electrically conductive connection elements (11, 21), which in each case face the s e area s , 
of th e el e ctronic circuit system (10) and of th e s ubstrate (20), respectively . 

36. 2-r-The electromechanical connection as claimed in according to claim 1, characterized 
in4hat 35. wherein the m e chanically fix e d mechanical connection between the electronic circuit 
system (4-Q)-and substrate-(2Q) is made by means of an adhesive-(24). 

37. 3^-The electromechanical connection as claim e d in claims 1 and 2, charact e riz e d in 
thataccordin g to claim 36. wherein the adhesive (24) used is formed from a polymer. 

38. 4r-The electromechanical connection as claimed in one of claims 1 to 3, charact e riz e d 
m-4ka taccording to claim 36. wherein the microcapsules (23 1, 23 2) are embedded in the 
adhesive-(24). 
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39. &r-The electromechanical connection as claimed i n according to claim 1 , characterized 
in-4hat 35. wherein the m e cha n ically fix e d m echanicaj connection between electronic circuit 
system (10) and substrate (20)-is formed by a soldered joint between connection elements-fH^ 
24-) which are inactive in the intended electronic functioning of electronic circuit system (10) and 
substrate (20) . 

40. 6r-The electromechanical connection as claim e d in on e of claims 1 to 5, characteriz e d 
in-thataccordin g to claim 35, wherein the grains are electrically conductive metal grains (23 1) 
which ar e selected from the group of metals consisting of copper, nickel, silver, ancL gold and ar e 
covered with a dielectric (23 2) are used as microcapsule s (23 1 , 23 2) . 

41. -y~-The electromechanical connection as claimed in on e of claims 1 to 5, charact e rized 
ffl-tha taccording to claim 35, wherein the grains are electrically conductive metal grains (23 1) of 
a solderable metal allo y, which ar e cov e r e d with a di e lectric (23 - 2), are u se d as microcapsules 
(23 1,23 2) . 

U1 42. &r-The electromechanical connection as claimed in one of claims 1 to 5, charact e riz e d 

W in-tet according to claim 35. wherein the grains are metallized^ insulating grains (23 1) which are 
cover e d with a di e l e ctric (23 - 2) are us e d as microcapsules (23 - 1, 23 - 2) . 

43. 9^The electromechanical connection as claimed in according to claim 8, characterized 
in that 42. wherein the grains are silver-plated tin oxide grains are u s ed as metallized, insulating 
grains (23 1) . 

44. 4-O^The electromechanical connection as claim e d in on e of claims 6 to 9, 
characterized in that according to claim 35. wherein the dielectric is an insulating enamel is u s ed 
as th e diel e ctric (23 2) of the microcapsul e s (23 1, 23 2) . 
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45. 44-r-The electromechanical connection as claim e d in claim 10, characterized in that a 
s old e ring flux is us e d as according to claim 44. wherein the insulating enamel is a soldering flux . 

46. 4-2r-~The electromechanical connection as claimed in one of claims 1 to 11, 
charact e riz e d in tha t according to claim 35. wherein the electrically conductive soldered joint (25 
te-28)-between the connection elements (11, 21) of e lectronic circuit s ystem (10) and s ubstrate 
(30) is formed by sold e ring of layers of solder (25, 27) which are provided on the connection 
elements (11, 21) to form intermetallic phases (26, 28) comprising material of the electrically 
conductive grains (23 1) of the microcapsules (23 1, 23 2) and the layers of solde r (25, 27) . 

47. 4-3; — The electromechanical connection as claimed — m according to claim 4-2} 
characteriz e d in that 46. wherein a metal selected from the group consisting of tentjn, indium and 
gallium is used as the material for the layers of solders (25, 27) . 

48. 44; — The electromechanical connection as claimed i n according to claim 43^ 
characterized inthat 46. wherein a metal alloy wtt khaving a low melting point is used as the 
material for the layers of solde r (25, 27) . 

49. 4-&^The electromechanical connection as claimed in according to claim 13 or 1 4 , 
characteriz e d in that 47. wherein the layers of solder (25. 27) ar e comp rise layers of tin which have 
been deposited selectively aad-without usm gthe use of an electric current. 

50. 46t— The electromechanical connection as claimed in one of claim s 1 to 15, 
characterized in that according to claim 35. wherein the electrical connection elements comprise a 
metallic material which is matched to the metallic material of the conductive grains (23 1) of th e 
microcapsules (23 1, 23 2) is used as material fo r th e connection: el ements (11, 21) of electronic 
circuit s yst e m (10) and substrat e (20) . 
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51.43r-The electromechanical connection as claimed in claim 16, characterized in 
tha taccording to claim 50. wherein (23 I) of th e microcapsules (23 L 23 2} is us e d a s mat e rial 
-for the connection elements (11, 21) of electronic circuit s ystem (10) and substrate QQl comprise 
a metal selected from the group consisting of copper erand nickel i s us e d as mat e rial for the 
connection elements (1 1 - 21) . 

52. 4-&r-The electromechanical connection as claim e d in one of claims 1 to 17, 
characterized in that according to claim 35. wherein the microcapsules are provided in a single 
layer 2 e fsajd microcapsules (23 L 23 2) b eing ofj uniform size ancL embedded in a polymer film 
are provided . 

53.44*7— The electromechanical connection as claimed in one of claims 1 to 5, 
m characterized in thataccording to c l aim 35. wherein the g rains are electrically conductive metal 
gj grains (23 1) which ar e covered with an insulating enamel (23 2) and , which grains at least in 

m 

3 part consist of a solder metal are used as microcapsules (23 1, 23 2) . 



in 
w 



54. 20. The electromechanical connection as claim e d in according to claim 4^ 
characterized in that 53. wherein the electrically conductive grain (23 1) of the microcapsules (23- 
1, 23 2) consist entirely of solder metal. 

55.21-7-The electromechanical connection as claimed in according to claim 19 or 20, 
charact e riz e d in that a 53. wherein the solder metal j§ selected from the group consisting of tin, 
indium, amLgallium i s u s ed for the electrically conductive grains (23 1) . 

56. 22r-The electromechanical connection as claimed in claim 19 or 20, characteriz e d in 
thataccording to cla im 53. wherein the solder metal is a soft-solder allo y is u s ed for the 
e l e ctrically conductiv e grains (23 1) . 
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57. 2£r~The electromechanical connection as claimed in one of claims 19 to 22, 
characteriz e d in that according to c laim 53. wherein a solderable metal is used for the connection 
elements (11, 21) of electronic circuit system (10) and sub s trate (20) . 

58. 24r— The electromechanical connection as claimed in according to claim 2^ 
characterized in that a 57. wherein the solderable metaljg selected from the group consisting of 
copper, nickel, silver, gmLgold is us e d as the sold o rabl o metal for the conn e ction e l e ments (11, 
34-). 

59. 2&t~~ The electromechanical connection as claim e d in according to claim +9^ 
characteriz e d in that 53. wherein the electrically conductive grains (23 1) of the microcapsules 
(23 1, 23 2) are formed from an electrically conductive metal core which is covered with a solder 
material. 

60. 2&r-The electromechanical connection as claim e d in claim 25, charact e riz e d in 
thataccording to claim 59. wherein th e electrically conductive metal core is comp rised of copper 



jj2 is used as mat e rial for the electrically conductiv e metal core . 



m 



61. 37r~The electromechanical connection as claimed in claim 25 and'or 26, characteriz e d 
in that tin is us e d a s solder material for according to claim 59. wherein the covering of the coreig 
comp rised of tin. 

62. 2&—The electromechanical connection as claim e d in one of claims 1 to 27, 
characterized in that according to claim 35. wherein the electrically conductive grains (23 1) of 
the microcapsules (23 1, 23 2) have a diameter of th e ord e r of magnitude of 10 ^tm, pr e ferably 
less than about 10 ^m. 
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63. 29. The electromechanical connection as claimed — m according to claim ¥^ 
charact e riz e d in that 6L wherein the tin covering of the core has a thickness of th e ord e r of 
magnitude o f about 200 nm. 

64. 30r-The electromechanical connection a s claim e d in on e of claims 1 to 18, 
characterized in that according to claim 46 . wherein the layers of solder which are applied to the 
connection elements (11, 21) have a thickness of the order of magnitude o f about lO-ttm^ 
preferably less than 10 \im. 

65. 34^ A method for producing the electromechanical connection as claimed in on e of 
claims 1 to 30, characterized in that, afto r according to claim 35. comprising compressing the 
microcapsules (23 1, 23 2) e mbedd e d in an adhesiv e (24) or a polym e r film hav e been 
introduced between electronic circuit system (10) and substrate (20), the microcapsules (23 1, 
23 2) b e tween the conn e ction e l e ments (11, 21) of th e circuit syst e m (10) and of the sub s trate 
(20) are compressed under s uch a force such that the dielectric (23 2) coating on electrically 
conductive the grains (23 1) situat e d betw ee n connection e l e m e nts (11, 21) which face on e 
another is broken open, and producing the soldered joint (25 to 28) in each case between those 
ar e as of th e grains (23 1) which face th e connections (11, 21) and the connections (11, 21) is 
produced b y diffusion soldering. 

66. 32r-The method as claim e d in according to claim 31, characterized in that 65. further 
comprising applying layers of solder metal (25, 27) arc applied to connection elements (11, 21) 
in a thickness which is such that, during a diffusion-soldering process b e tw e en m e tals of th e 
electrically conductiv e grains (23 1) or grains (23 1) in th e form of metallized insulators and th e 
sold e r m e tal , the solder metal is completely converted into an intermetallic phase (26, 28) . 
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67. £k-The method a s claim e d in according to claim 31, characterized in that, when 
usift g65. wherein the microcapsules (23 L 23 2) whos e have electrically conductive grains (23 1) 
eensist consisting entirely of solder metal, and connection elements (11, 21) which are free of 
solder metal on e lectronic circuit s yst e m (10) and substrate (20) , the further comprising selecting 
g thickness of the connection elements (11, 21) is selected in such a way gg that sufficient 
material is available for theg transformation process during the diffusion soldering. 

68. 34r-The method as claimed in according to claim 31, characterized in that, when 
us mg65. wherein the microcapsules (23 1, 23 2) whose have electrically conductive grains (23 1) 
comprisecomprising an electrically conductive metal core covered with a solder metal, and 
wherein the connection elements (11, 21) which are free of solder metal on electronic circuit 
system (4-©)~and substrate-(20), further com prising selecting the thickness of the connection 
elements (11, 21) and-ef the solder metal is s e l e ct e d in such a way that th e ir mat e rial there is 
sufficient material, during the diffusion soldering^ for theg transformation process between 
connection e lement material and cor e m o tal having the sold e r m o tal.^ 

69. The elect romechnical connection according to claim 62. wherein the diameter of the 
microcapsules is less than 10 jirn. 

70. The electromechanical connection according to claim 64. wherein the l ayers of solder 
have a thi ckness of less than 10 |um. 
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TO ALL WHOM IT MAY CONCERN: 

Be it known that WE, Holger Huebner and Vaidyanathan Kripesh, citizens of 
Germany and India respectively, residing in Germany and India respectively, whose post 
office addresses are Hamsterweg 10, 85598 Baldham, Germany; and L-5/E Sarvamangala 
Colon, Ind-Chennai 600083, Ashok Nagar, India, respectively, have invented an 
improvement in: 

ELECTROMECHANICAL CONNECTION BETWEEN 
ELECTRONIC CIRCUIT SYSTEMS AND SUBSTRATES, 
AND METHOD FOR PRODUCING THIS CONNECTION 

of which the following is a 

SPECIFICATION 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
[0001] The present invention relates to an electromechanical connection between 
electronic circuit systems and substrates in accordance with the preamble of patent 
claim 1 and to a method for its productio n in accordanc e with pat e nt claim 31.^ 

BACKGROUND OF THE INVENTION 

[0002] In the context of the present invention^ the term electronic circuit systems is 

understood as meaning solid-state circuit systems, in particular integrated semiconductor 

circuits. Specifically, the term system indicates, for example in an integrated 
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semiconductor circuit, the semiconductor material body which holds the electronic 
functional circuit elements, such as transistors, diodes, capacitors, etc., and the metallic 
conductor tracks and connection elements which are situated on this body and connecting 
the functional circuit elements. Ihe c^ 

Plgjgk.^^ elements, known ^ Further, in fo the 

mnteMo ^ 

boari&^udi ^ S ubstrates o f this, type also have 

mnnecMmid mm^^ 

[0003] The connecti on e lem e nt s may be fl at applicatio ns of metal, known as pads, or 

jz, jzaajaajLz r\ a 



W [000 4 ] In the context of the present invention, the term substrates is understood as 

P 

S 

this type also have conn ect i on elements o f the a bove menti on e d type, gener a l l y in the 

d"Sr 



[0005] It is k n own t o produce electromec hani ca l c on necti o ns of the type under 
feeu-ss^^ An 
elect r o me c ha ni cal co nnection of this typ e is explained below w ith reference to Fig. 1. 

[0006] Fig. 1 4H*gmnmift^ for e xampl e a n 

integra t ed semi cond uctor circuit, w hich is e l e ctrically a n d m e c hanically connected to a 
substr ate 2 0, for examp le a print e d c ircuit b oa r d. Conn ec ti on el e m e nts in th e form of 
pads are present on the circuit system 10, and connection elements 21, which are likewi s e 

in the form of pads, a Fe-piresent on the s ubstrate^ 
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[00031 {OOOT ^IHsknowp. to produce electrome chanical con nections of the type under 
discussioi) by;„meMS of m An 

RgT-j- rFigure 1 . whichfi gr-4 . cti agra mm^ 
example e^ an M 

mnnec ted to dL^^a^JQ^ for e xamplo such as a printed -drcujt board. Connection 
demmtsii^^ gig present on the circuit syste m 10, ...and coim^ 

dem ents 21, which ar e lik e wise in the form of pads, 2j_which are also in the form of pads 
are present on the sub strate 20 . The circuit system 10 and the substrate 20 are connected 
to one another using the flreFlin-ehi pChip t e chnolo g v Technolo gv in such a manner that 
the pads 1 1 and 21 come to lie facing one another, with an adhesive 24, which contains 
electrically conductive grains 22 and 23 and is indicated by dot-dashed lines ? between 
them. The adhesive 24 ma y, for example, be a polymer, wMteand the conductive grains 
may consist of silver. 

[0008] In a c onne cti on, of the ab ove m en tio ned typ e, elect ri cally c ond u ctive grain s , 

which are in this case denot e d by 22, conic to lie i:n 4h64#teral^ 

and 21, an d conducti ve grains which are denoted by -2 3 co me t o lie in the v ert ical sp a ce s 

between^ad^HH^^ 

f00041 fQQQ^hijLmmMc^^ electricall y j^Muctiye 

gmm , which arc in this case denoted by 22, . .co me to lie i n th ^ 

MdlJLLiM21^ are denoted by 23 ,,con;ie to he in the vertical 

macM..b^wem..Mds J,l and 2,1,,,^ Pressing the circuit system 10 

and substrate 20 together ensures that the electrically conductive grains 23 between pads 
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1 1 and 21 which face one another come into electrically conductive contact with these 
pads, thusp roducing an electrical connection between circuit system 10 and substrate 20. 
By contrast, the The electrically conductive grains 22 in the lateral spaces between pads 
1 1 and 21 do not come into electrically conductive connection with the pads, so that in 
this respect hence there is no short-circuiting connection between pads. An electrical 
connection of the type described is anisotropically conductive^ in that an electrically 
conductive connection is produced in the vertical direction by electrically conductive 
grains 2222 between pads 1 1 and 21 which face one another, but is not produced in the 
lateral direction by electrically conductive grains 22 in lateral spaces between pads 1 1 
and 21. 

[0005] [0010] To indicate that the electrically conductive grains 23 between pads 1 1 and 
21 which face one another can be deformed during compression, they are 
diagrammatically indicated in an oval shape , while the . The grains 22 in the lateral 
spaces between pads 1 1 and 21 remain undeformed and are therefore diagrammatically 
indicated in the shape of a circle. 

[0011] {*H43e4ype^ete^ following 
co n di ti o n s ha v e to b e sa tisfied for relia bl e operati o n. 

[0006] [0012] Firstly, th e adhesiv e 2 4 , In thetyBC^ co nnectio n 
de ^nbgd above, the followin g certain con eh ti^^ to be satisfied foLrgk gblg 

oqeiMioiL First, during setting and when while the circuit system 10 and substrate 20 are 
operating, the adhesive 24 has to develop sufficiently high shrinkage forces to ensure 
permanent compression and th e r e for e u n order to provide a reliable mechanical 
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connection between circuit system 10 and substrate 11. However, adhesives do not 
generally have good properties in terms of adhesion and resistance to moisture, and 
consequently a connection of this type is not sufficiently reliable. Particularly in the 
event of fluctuating thermal loads, high shear forces may arise in the adhesive j€*njmnt, 
with the result that the adhesive may break open and , as a r e sult, the electrical connection 
through the electrically conductive grains 23 may be broken. Furthermore, moisture 
which penetrates mav penetrate into the join ma v ioint when heated, ma^cause entire 
areas of the circuit system 10 to break away from the substrate 20. These drawbacks 
ar emav be offset by the advantage that adhesives that do not need to be structured. 

Q [0007] [00131 S e condl y Second , the amount of electrically conductive grains 22, 23 in the 

03 adhesive 24 must be sufficiently large to ensure that there is at least one electrically 

W conductive grain 23 between pads 11,21 which face one another, in order to guarantee an 

ill 

electrically conductive connection. On the other hand, the amount of these grains must 

m 

not be so high that there is a risk of electrical short circuits being caused by electrically 



w 



nj 



conductive grains 22 in lateral spaces between pads 11, 21. This problem assumes 
greater importance as As the levels the electriMly 

cond uct iyjg_^^ the distances between them on i ntegrated 

gj jgklg fo^^ffi^ the latter problem becomes increasingly 

important. ^ 

[001 4 ] As the level of i ntegra tion incre ases and therefore th e e l ectr i c ally conductive 
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circuits and matching structures on substrates connected to the circuits, such as for 
e^HHnfffe^rmt^^ th e latt e r probl e m becom e s incr e asingly important. 

[0008] [0015] To counteract this problem, it is known from "Flip Chip Technologies" by 
John H. Lau, McGraw-Hill, 1996, pages 289-299, to use microcapsules which are 
embedded in an adhesive and comprise electrically conductive grains and a dielectric 
surrounding them, for example in the form of an insulating plastic. A microcapsule of 
this type comprising an electrically conductive grain 22-1 (or 23-1) and a dielectric 22-2 
(or 23-2) surrounding it is illustrated on an enlarged scale in Figr -Figure 2. 

f0009) [0016] In an electromechanical connection using conductive grains surrounded by 
a dielectric in an adhesive also requires the circuit system 10 and the substrate 20 to be 
pressed together, as shown in FigrFigure 1. As a result of the pressure which is generated 
by this operation and the setting of the adhesive 24, the microcapsules 23-1, 23-2 
between pads 11,21 which face one another are compressed , with the re s ult that ^Jhig 
results in the dielectric 23-2 i sbeing broken open and , as a r e sult, an electrically 
conductive connection is formed via the electrically conductive grains 23-1. This state of 
affairs is diagrammatically illustrated in Fig rFigure 3 in the form of a deformed 
microcapsule 23-1, 23-2 between two pads 11,21. A lthqughjn. m dcctomc^m}c^i 
conij^i^ of the t ypo microcapsules 

d^cribM-abm^ 

SituMe^^ 21 is virtuall y. elimin ated, the problems 
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[0017] Although in an. electromechanical connection of this type produced by means of 
microcapsul e s of th e typ e cte seri^d^bev^ 

microcaps ules 22 - 1 , 22-2 si t uated in the lateral spaces between pads 11, 21 is virtually 
elimi nated^ t h e problems des ei4feed4ike^ renmm-as 
before. 

SUMMARY OF THE INVENTION 
[00101 [0018] The present invention is bas e d on th e obj e ct of providin g provides an 
electromechanical connection of the type under discussion whichj is both ni eghanically 
and electrically stable and prevents electric short c ircuit s even with fine electrically 
conductive structures on electronic circuit systems and substrates , is both mechanically 




electromechanical connection of the generic type, this object is achieved, according to the 
inv e ntion, by th e m e asur e s giv e n in the characterizing part of pat e nt claim L is formed 
between electronic circuit systems and substrates which are mechanically connected. The 
electrical connectio n elements which face one another on the electronic circuit system 
and substrate are connected in an electronically conductive manner bv means of 
microcapsules which are in the form of grains coated with a dielectric which is broken 
open on its areas which face the el ectrical connection elements. At the exposed areas of 
the grains an electrically conductive soldered joint is formed between the exposed areas 
of the grains and the electrically conductive connection elements which face these areas. 





. Specifically. With an 
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[0019] With an electromechanical connection of th e g e neric type, this object is achieved, 
according to th e invention, by th e measures given in the charact e rizing part of pat e nt 



[0020] A m e thod for producing an e l e ctromechanical connection according to the 
invention is characterized by the measure s given in pat e nt claim 31. 

[0021] Refin e ments of the e l e ctrom e chanical connection according to th e invention and 
of the method according to the inv e ntion form the subject matter of corresponding 
subclaims. 



fOOlll [0022] The present invention is explained described in mere greater detail below 
on th e basis of e x e mplary e mbodiments in conjunctio n connection with the figures of th e 
drawin g drawings . in which: 

Figures 1 to 3 show th e illustrate known embodim e nt s features of the invention 
which have already been explained described abeve Jiereinabove: and 



ef Figure 4 illustrates an electromechanical connection in order to explain embodiments in 
accordanc e with the invention. j^n-esB mdi i^ in Fig. L of Figure 1 but 

which embodiment is in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0012] [0023] The essence of the invention is to be seen as residing in the fact thatl n 
accordance with the present invention, a metallic solder .joint is produced, at least at the 



claim 1. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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toggl^ in addition to a compressive connection to 

produce the electrical connection between an electronic circuit system and a substrate^ 

metallic s older joint i s p r od uced at least a t th e lo c a tions of the electr i cal c o nn ection s . 

[002 4 ] In Fig. 4 , on th e basis of which embodiments of the inv e ntion ar e e xplain e d, 

identical e lements to th os e s hown in Figures 1 to 3 ar e prov ided with identical reference 



r0013] [00251 As has already bc o n ln Figure 4. In Fig. 4 . on the basin of which 
e mbodim e nts of th e invention ar e e xplained, identical elements to ^osfe^Q^jaJEi^^S 
1...M..3, are p rovide ^ explained in connection with 

r e f e rence to Fig.H gurg 1, th e arrang e ment shown in Fig. Figure 4 is lik e wis e illustrates an 
electromechanical connection between an electronic circuit system 4&Ji) £for example 
an integrated semiconductor circuit system}, and a substrate £for example an 
electrical printed-circuit board}. Electronic circuit system 10 and substrate 20 erne 
againa kg have the connection elements in the form of pads 1 1 and 21. 

[0Q14] [0026] The A purely mechanical connection takes place occurs by means of the 
adhesive 24 which is indicated by dot-dashed lines, for example a polymer , in which, 
however . However, unlike in-the known embodiment shown in Figr Figure 1, it is not 
purely metallic electrically conductive particles 22, 23, but rather microcapsules 22-1, 22- 
2, 23-1, 23-2 which are suitable for a soldering operation that are embedded. 
Embodiments of these microcapsules are explained in more detail below. 

[00151 [0027] It should be noted that the invention is not restricted to embodiments used 

with an adhesive 24 to produce the purely mechanical connection between electronic 

NY02:362046.1 9 
COMPARISON 



A348' 



'CT-USA (071308.0284) 
PATENT 



W 
cs 
m 

n 

O 

m 
m 



circuit system 10 and substrate 20. Embodiments in which a connection is produced by 
means of a soldering operation without adhesive, which is described in even more detail 
below, are also possible. This can take place by means of pads 11,21 which are inactive 
for the intended electronic operation of electric circuit system 10 and substrate. In this 
context, the term "inactivity" means that pads of this type are not electrically connected to 
electronic functional elements in electronic circuit system 10 or on or in substrate 20. 

[0028] A f irst emb o diment of a soldered j o in t in th e context of the invention is explained 



[00161 [0029] In #nsoneAnfo^ i ment of a soldered joint in the context of the 
invention is e xplain e d below. p resent e mbodimcnt invention . the microcapsules comprise 
electrically conductive grains 22-1, 23-1 which are covered with a dielectric 22-2, 23-2 
and may consist of a metal selected from the group consisting of copper, nickel, silver, 
gold, a solderable metal alloy or an insulator, for example tin oxide, which is covered 
with an electrically conductive metal, for e xample e.g.. silver. The way in which 
microcapsules of the latter typo can be produced is known, for example, from 
"JOURNAL OF MATERIALS SCIENCE" 28 (1993), pages 5207-5^52 10 which is 
incorporated herein bv reference. The dielectric^ 
gMmeL..which.may,al s 

[0030] The dielectric 22 2, 23 2 used may be an ins ul at ing enamel which m a y also ac t a s 
a soldering flux. 

rOOl 7] [0031] For the soldering operation, layers of solder 25, 27, for which a metal 
selected from the group consisting of tin, indium, gallium, or a metal alloy with a low 



b e low. 
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melting point may be used, are provided on the pads 1 1, 21 in order to produce the 
electrically conductive connection between electronic circuit system 10 and substrate 20. 
The layers of solder 25, 27 are preferably produced by selective electroless deposition on 
the pad surfaces, so that it is possible to produce sufficiently planar surfaces. 

[00181 [0032] In accordance with the method according to the present invention. 



microcapsules 22-1, 22-2, 23-1, 23-2, which are embedded in the adhesive 24 or a 
polymer film, which is not specifically shown in PifeFigure 4, are introduced between the 
electronic circuit system 10 and the substrate 20. and th e v 20. Thev are then compressed 
together under such a force that the dielectric 23-2 of microcapsules 23-1, 23-2 situated 
between pads 11,21 which face one another is broken open. After fee-compression, the 
arrangement is heated to a temperature which liesig above the melting point of the solder 
material of the layers of solder 25, 27. In the process^ the molten solder comes into 
contact with material of the electrically conductive grains 23-1 of the microcapsules 23-1, 
23-2^2 and a metallic bond with having good electrical conductivity is produced. 

[00191 {0©33}-Microcapsules 22-1, 22 — 2 in lateral spaces between pads 11,21 remain 
unaffected by the compression operation and therefore their dielectric 22-2 remains 
intact , with the^ JEhg result of this is that lateral short circuits are prevented. Therefore, 
the electromechanical connection according to the invention is anisotropically conductive 
in the sense explained above. 

[003 4 ] It is particularly advaiitag e ous 4f^iffueie B s olderi ng method i s used-feF4he 

s o l d ering. In th is metho d, a m e tallic bond which is able to w ithstan d hig h temp erature i s 
p r oduc e d us ing a lo w melti ng sol der as a resu l t o f t he-seMeE- m eta l fo rmi ng a n 
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intermetallic phase, which i s able to withstand high temperatures and is very 
meehaBieaHy-s t a b I e ; w i#ir%igh^Befe^ to b e e ^B^etadr4ft"tj^pH>ee^ 

t h e low -melting solder me tal is complet el y tran s formed, i.e. pass es com pletely into the 
mtefmeteffi is known p e r s e , for example from 

US A 5 053 195. 

[0Q201 [00351 For this method i t is p arti cularly p referred lt is particularly advantag e ous if 

whmh,^ 

O 

pis 

P per s e, for example from US A 5 053 195. disclosed in United States Patent No. 

In 

\a 5.053.195. wherein the layers of solder 25, 27 have a thickness of the order of magnitude 

w 

O of about 10 urn, preferably of less than 10 urn . The v about 10 urn, and consist, for 

ru 

example, of tin. The electrically conductive grains 23-1 or the metallic layers of grains in 
the form of metallized insulators, and if appropriate the pads 11,21, consist, fer 
example s, of copper or nickel. When contact is made between the metal of the grains 
during the diffusion-soldering method, the tin is completely transformed into 
intermetallic phases, which are denoted by 26, 28 in Fig rFigure 4. As has alr e ady b een 
explained jihgyg, the joint which is formed in the process has a significantly higher 
melting point than the solder metal and better mechanical properties, such as high tensile 
strength and freedom from creep. It is important ln a d e velopment of the invention, it is 
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essential in a ^ is situated 

h^§m^J^^JJLM i^Ji£MAjai^ssj ^ suffims ^jo^M; Ihm,MjM 

micn^as^ 

^m^^^M,^L^M::^^^^y^^^^mMSMmM^ ™ their electrically 
conductive parts come into contact with the solder metal. 

[0036] In a d e velopm e nt of the invention, it is essontial 4a-a-seif^^ 



that a sin gle layer of m icroca p s ul es is s i t uate d b et ween the pads 1 L 21 a nd t he pa d 
su rfaces a re s u#i^kntly- plan ar. Th e n, all the-mi^ec apsu les 23 1 , 23 2 sifaated-^etweea 
pads 11, 21 which fac e on e a n other are comp res s e d, so that their e lectrically co ndu cti ve 

[00211 [0037] TheA single-layer structure can be produced particularly successfully if - 
ao stated above the microcapsules 22-1, 22-2, 23-1, 23-2 are previously embedded in a 
polymer film. The wavmanner in which films with embedded microcapsules of this type 
can be built up and produced in detail is known per so, for example from taught in 1992 
"IEEE", pages 473 to 480 and 487 to 491. A film of this type ensures the lateral 
insulation of the microcapsules 22-1, 22-2, 23-1, 23-2 and can act as a spacer. Shaped 
parts which match the surfaces which are to be connected can be produced. The adhesive 
24 can then be dispensed with, if appropriate. 

[0Q221 [0038] It should be mentioned once again that the configuration described above 
is not specifically illustrated in FigrFigure 4. Also, soldered joints between pads 11, 21 
which are inactive in the sense mentioned above and microcapsules 23-1, 23-2 without 
any adhesive 24 being present are not specifically illustrated in Fig rFigure 4. However, 
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in ftgr- Figure 4 it would be possible, for example, for the two pads 11,21 shown on the 
right-hand side of the drawing to be regarded as "inactive" pads and for the two pads 1 1, 
21 situated on the left-hand side of the drawing to be regarded as "active" pads. 



22 2, 23 - 1 ; 23 2 which a t least in pa rt consist of a solder m e tal 
[0040] According to on o-va^Bfref^M^ 

2 2 L 23 - 1 consist en tir el y o f solder meta l, in which cas e a me tal selected f r om the group 



[00 4 1] In th is case, a solderable m etal which may b e a metal s e lected from t he group 
eensisteg^f^ 11,21 of the 

e l e ctro n i c circuit system 10 and s ubstrate 20, 

[00231 [00421 I n ln a further preferred embodiment of the p resent ln a furth e r embodiment 

in s EM£^isL fl£a i ^ldg J B^^ According to a According to one v ariant of th is 

MdeLaUoyjc^^ In^ wMffj^JmxMi 

mMMsd^^ nickel silver, or ,,£ddjs u^das 

maten, al for the pads 1 L 2 1 of ^ Also in 

this embodiment-tee, the electrically conductive grains 22-1, 23-1 of the microcapsules 
22-1, 22-2, 23-1, 23-2 are surrounded by a dielectric 22-2, 23-2 in the form of a layer of 

insulating enamel As well as its insulating action in the lateral direction, which has been 
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explained above, thi s l Mg layer of insulating enamel additionally prevents in particular 
electrically conductive grains 22-1 in the lateral spaces between pads 11,21 of electronic 
circuit system 10 and substrate 20 from flowing together when heated during the 
soldering process and therefore prevents short circuits in the lateral direction. 

[00241 {0©4£|-Since the solder material of the electrically conductive grains 23-1, 23-2 of 
the microcapsules 22-1, 22-2, 23-1, 23-2 becomes liquid during the soldering process, 
and therefore the layer of insulating enamel breaks more easily, the pressure required to 
break open this layer between pads 11,21 which face one another is not as high as in the 
jU first embodiment of microcapsules which was explain e d above . When the solder 

D material makes contact with the material of the pads 1 1, 21, the soldered joint is formed, 

C8 and therefore electrical and mechanical contact is made. 

yj 

CO 

1 y [00251 {£©44fSince the microcapsules 22-1, 22-2 in the lateral spaces between pads are 

o 

y=l not compressed, their layers of insulating enamel 22-2 remain intact. When using an 

y adhesive 24, these microcapsules are held together either b v thisthe adhesive^ or when 

ip 

fy embedded in a polymer film in the sense explained above , and cannot flow out. 

Therefore, in this embodiment-tee, the diffusion-soldering method explained above is 
particularly advantageous. The electrically conductive grains 22-1, 23-1 of the 
microcapsules 22-1, 22-2, 23-1, 23-2 may, for example, consist of tin and the pads 11,21 
of electronic circuit system 10 and substrate 20 may consist of copper or nickel. If the 
electrically conductive grains of the microcapsules have a diameter of less than 10 |im, 
the tin is completely transformed into the intermetallic phase 26, 28 when contact is made 
between the solder metal and the pad metal. In turn, an electromechanical connection 

with a melting point which is significantly higher than that of the solder metal 2 and 
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therefore excellent mechanical properties, such a high tensile strength and freedom from 
creep? is formed. 

[00 4 5] Electrically conductive grains with a small diameter of the order of magnitud e of 
10 um and pr eferably4ess-4h an 10 urn are adva ntageo us for a nu mher-of-r-easertsr 

[00 4 6] Firstly, the thicker the electrically conductive grains, the longer the proces s of 
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diamet er of 4 0 \im the reaction takes o ve r hall' an hour. With dia m et e rs of less th an 

[00 4 7] Secondly, the pads 11,-21 ha v e to he suf fic iently thick t o be abl e to pr o vid e 
su ffic iqi t-m e ta l-fo r th e troi is formatiot Hr e action. Wh e n using electrically conducti ve 
grains ha v in g the pr eferre d d iameter s, there i s r ela ti vely little solder metal available, so 
that correspondingly a S ft*ftl 4-€H^^ te^e^FvaifeMe^r^mp^ 
tr a nsformation/ 

[00261 [00 18 ] Thirdly Blectm^ of the order of 

diamMer of 40-about 40 |iim the rea ctimitakes (werMlf im, Jidml Witlidjaiiieters ^jl^ 

than jOHbiffl-rabout 10 fim the re action timg is of the order of magnitude of m mutes. 
SecondSeeet^. the, 

^fficier^^ When 
graiM.,haym 
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that correspondingly a so that a correspo ndingl y small ai^unt^f^d_Die tal needs to be 
M^^^^MMSl^M^^SM MMk Third, small diameters of the electrically 
conductive grains are of benefit to finely structured contacts^ which isare advantageous in 
particular for integrated semiconductor circuits with a high level of integration. 
FourthlyE fflah, the diameter of the electrically conductive grains determines the 
thickness of the soldered joint. Thin soldered joints have a better fracture behavior. With 
a thickness of less than about 5 nm 7 the joint has am elastic action when bent, whereas if 
its thickness is greater than about 10 ^im it becomes brittle, so that stress cracks may 
easily form. 

[0027] [00 4 9] Asl n a modification tegf the embodiment described above, the electrically 
conductive grains 22-1, 22-2 of the microcapsules 22-1, 22-2, 23-1, 23-2 may not consist 
entirely of solder metal, but rather may consist of a metal core which is covered with 
solder metal. This may, for example, be a copper core which is covered with a layer of 
tmetin solder. If the tin solder is deposited electrolessly in a tin exchange bath, the top 
layer of the copper core is replaced by a correspondingly thin layer of tin. A typical 
thickness of the layer of tin is of the order of magnitude of about 200 nm. 

[00281 fOOSOf The use of electrically conductive grains of this type, including fe rtheir 
use in the mechanical and electrical connection of objects, is known per se, for e xample 
fre mdisclosed in 1996 "Electronic Components and Technology Conference", pages 565- 
£ZQ?570 which describes an electrically conductive adhesive material which comprises a 
conductive filler powder T which is covered with a metal with a low melting point (solder 
metal), a thermoplastic polymer^ and further minor organic additives. The filler grains 

are coated with the metal of a low melting point which, when producing a connection 
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between objects, is melted in order to produce a metallurgical bond between adjacent 
filler grains and between filler grains and metallic connection elements on the objects 
which are to be connected. A connection of this type corresponds to the arrangement 
shown in FigrFieure 1 . In this case A te ehowever . the problems explained above with 
regard to the adhesive formed by the polymer and with regard to the amount of 
electrically conductive grains usedr-are may be encountered. 



[00291 [0051] As inl n the two embodiments explained discussed above, electrically 
conductive grains 22-1, 22-2 of this typ o are covered with a dielectric 22-2, 23-2 in the 
y> form of a layer of insulating enamel. It should be noted that the fact that the electrically 

s 

O conductive grains may for their part be of two-part form is not specifically illustrated in 

S3 Figures 2 to 4. 

W 
08 

|W I 

* y r0030] f©052f One advantage of electrically conductive grains 22-1, 23-1 in the form of 

P 

HI metal cores which are covered with solder metal is that the soldering process, which is 

Lj once again preferably in the form of the diffusion-soldering process, takes place very 

HJ quickly and precisely^ on account of the overall very thin layer of solder. A further 

advantage is that even in microcapsules 22-1, 22-2 in the lateral spaces between pads 11, 
21, which are therefore not in contact with pads 1 1, 21, the solder reacts with the core 
metal and is transformed into an intermetallic phase. Therefore, microcapsules of this 
type^-teej are firmly stable at temperatures which lie well above the melting point of the 
solder, since they can no longer become liquid. 



M 03 * 1 fOOS^f Furthermore, on account of the low thickness of the layers of solder of the 
electrically conductive grains and the resultant relatively small quantity of solder metal, 
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the thickness of the pads 11,21 can be reduced^ since a correspondingly small quantity of 
pad material is required for complete transformation of the quantity of solder. A further 
reason for using layers of solder of small thickness is that it is no longem g| necessary for 
thgj)ads to be raised^ since the solder of the electrical conductive grains can no 
lenge^^gt "run out" when the layer of insulating enamel breaks open ? since the low 
layer thickness means that the solder adheres to the surface of the metal core, providing 
good wetting of the latter. According lv For the above reasons , in aH 
22~L22^^ pads 11.21 a nd those 

between pads which face one another, it is no Jonger possib le for anv liqui d jgld^jd Ufih 

0 tadjj o. shml.dM the arrangement. Hence 

O 

^ electromechanical Electromechamcal c ontact with the pads 1 ,1, 21 results from the 

m reaction of t h^oldeor f jhe jelfigtrifiallv conductive grains 23-1 . 23-2 with the metal of the 

pads 1L 21. 



ru 



s 

in 
w 



m 



[005 4 ] For the above reasons 

i n lateral spaces between pads 11, 21 and those between pads w hich face one another, it 
**H3e4^ to fo rm at 

o perating temperatu res of the arra ng emen t. 

[0055] Electromechanical coi ^a€^¥ ? 4#Hfeei ^l s 1 L 21 res ults from4he-*eaetie^ 
sol de r of the e le ctri cally conducti ve grains 23 1, 23 2 with the m e tal of the pad s 11,21. 

[00321 [0056] A further advantage in particular in the embodiments with electrical 
conductive grains 22-1, 23-1 comprising metal other than solder metal and layers of 
solder 25, 27 on the pads 1 1, 21, as well as electrically conductive grains comprising 
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metal cores covered with a layer of solder, is that it is possible to produce particularly 
thin solder layers, which can be controlled accurately, during the diffusion-soldering 
method, in the form of intermetallic phases 26, 28. 

[0033] [0057] In the embodiments described above, the microcapsules 22-1, 22-2, 23-1, 
23-3j2 (apart from the variant involving the embedding in a polymer film?) can be 
processed with an insulating liquid^ which may be the above-mentioned adhesive 24 or a 
flux ? to form a paste. In the case of the adhesive ? it is possible to combine the advantages 
of an adhesive bond and of a soldered joint. This adhesive bond ensures additional 
mechanical stability, and the soldered joint ensures reliable electrical connection. 

[0034] [005 8 ] To summarize, it should b e pointed out onc e again that, according to the 
present invention? it is possible to achieve a creep-resistant connection, since during the 
preferred diffusion soldering the solder material^ £as a thin layer on the microcapsules or 
the connection elements on the electronic circuit system and the substrate^ is completely 
changed into the intermetallic phase, i.e. no residues of solder material remain. 
Furthermore. the The thin layers of solder material ensure that the soldering process takes 
place relatively quickly. FurthmB om,.. the largejaim tit y^m 
RQggibfe^ e * ei1 ^£MnKfa 

connect i on, m, to — en-(on account of the 
fflggj^^ via the soldered nfligroc^sufe 

niedhm^ Finally, hjy gji 

themiaLgto also ensured. ensured since the 

QveralLconn 
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example UQ th e 

connection, 

[0059] Furthermore, the large q uantity of microcapsules which is possibl e ev en w ith 
combination wi th go od thermal conduction and — on account of the m echanical soldered 
con nection c omp ar e d to a pure adhesive bond is ensured. 

[0060] l^atiy^^ is a l so- ensured, 

since the overall con ne cti o n o p eration can be designed in suc h a w ay that no residues, 

0 

y* such -- a s fer -example 4 B mbtimg residu es o f metal o x i d e s , gl as s oy c eramk-0r4Hnde^ 



remain in the connection. 
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UWE) CLAIM : 

35. -tr-An electromechanical connection between electronic circuit systems (4-0) 
and substrates-{2©), in which an com prising the electronic circuit system (10) and a 



connection elements (11, 21) which face one another on the electronic circuit system-(4Q) 
and the substrate (20) are in e ach cas e connected in an electrically conductive manner by 
means of microcapsules (23 - 1, 23 2), and in which th e microcapsules (23 1, 23 2) are 
formed b yfrom grains (23 1) which are coated with a dielectric (23 2) and which are at 
least in part ar e partiallv electrically conductive, characteriz e d in that wherein the 
dielectric (23 2) of the microcapsules (23 1, 23 2) is broken open at least on its-areas 
which face the electrical connection elements (4-htg 24^ — and — at — the 
correspondingl v provide exposed areas of the grains^ (23 B and an electrically conductive 
soldered joint (25 to 28) is formed in e ach cas e b etween the exposed areas of the grains 
(23 1) and the electrically conductive connection elements (11, 21), which in each ca s e 
fac e these ar e as, of th e e l e ctronic circuit syst e m (10) and of th e substrate (20), 
respectively . 

36. 2r-The electromechanical connection as claimed in according to claim ^ 
characterized in tha t 35. wherein the mechanically fixed mechanical connection between 
the electronic circuit system (10) and substrate-{20) is made by means of an adhesive 



37. 3^-The electromechanical connection as claimed in claims — 1 — and 2, 
characterized in that according to claim 36, wherein the adhesive (2 4 "! used is formed from 
a polymer. 
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38. 4r-The electromechanical connection as claimed in one of claims 1 to 3, 
charact e rized in that accordin g to claim 36. wherein the microcapsules (23 1, 23 2) are 
embedded in the adhesive-(24). 



characterized in that 35. wherein the mechanically fixed mechanical connection between 
electronic circuit system (10) and substrate (2Q)-is formed by a soldered joint between 
connection elements (11, 21) which are inactive in the intended electronic functioning of 
electronic circuit system (10) and substrate (20) . 

40. &-The electromechanical connection as claimed in one of claims 1 to 5, 
characterized in that accordin g to claim 35. wherein the grains are electrically conductive 
metal grains (23 1) which are selected from the group of metals consisting of copper, 
nickel, silver, an^Lgold and ar e cov e r e d with a di e l e ctric (23 2) are used as microcapsules 
(23 1,23 2) . 

41. 2^The electromechanical connection as claimed in on e of claims 1 to 5, 
characterized in that according to claim 35. wherein the grains are electrically conductive 
metal grains (23 1) of a solderable metal allo y, which ar e cov e red with a di e l e ctric (23 
2), are used as microcapsules (23 - 1, 23 - 2) . 

42. &r-The electromechanical connection as claimed in on e of claims 1 to 5, 
charact e rized in that according to claim 35. wherein the grains are metallized^ insulating 
grains (23 1) which ar e cov e r e d with a di e l e ctric (23 2) are used as microcapsules (23 1, 
23-3). 

43u9r-The electromechanical connection as claim e d in according to claim 8^ 

characterized in that 42. wherein the grains are silver-plated tin oxide grains are used a s 

m e talliz e d, insulating grains (23 1) . 
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M^-Wr-The electromechanical connection as claimed in one of claims 6 to 9, 
charact e riz e d in that according to claim 35, wherein the dielectric is an insulating enamel 
is used as th e diel e ctric (23 - 2) of the microcapsules (23 1 , 23 2) . 

45. 44^The electromechanical connection as claim e d in claim 10, charact e riz e d in 
that a soldering flux is us e d as according to claim 44, wherein the insulating enamel is a 
soldering flux . 

46, 42^-The electromechanical connection as claimed in one of claims 1 to 11, 
charact e riz e d in that accordin g to claim 35. wherein the electrically conductive soldered 
joint (25 to 28) b etween th^connection elements (1 1, 21) of electronic circuit system (10) 
and substrat e (20) is formed by sold e ring of layers of solder (25, 27) which are provided 
on the connection elements (11, 21) to form intermetallic phases (26, 28) comprising 
material of the electrically conductive grains (23 1) of the microcapsules (23 1, 23 2) and 
the layers of solde r (25, 27) . 

£L ±3r-The electromechanical connection as claim e d in according to claim i% 
characterized in that 4 6. wherein a metal selected from the group consisting of tentm, 
indium and gallium is used as the material for the layers of solders (25, 27) . 

4iL44r-The electromechanical connection as claimed i n according to claim 4-2} 
charact e riz e d in that 46. wherein a metal alloy wi fehaving a low melting point is used as 
the material for the layers of solde r (25, 27) . 

49, 4£^The electromechanical connection as claim e d i n according to claim 13 or 
1 4 , characterized in that 47, wherein the layers of solder (25. 27) are comprise layers of tin 
which have been deposited selectively and-without usm gthe use of an electric current. 

5£L 44r-The electromechanical connection as claimed in one of claims 1 to 15, 
characteriz e d in that according to claim 35, wh erein the electrical con nection elements 
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comprise a metallic material which is matched to the metallic material of the conductive 
grains (23 1) of the microcapsul e s (23 1, 23 2) is used as mat e rial for the c e nne e t io n 
elements (1 1, 21) of electronic circuit system (10) and substrate (20) . 

51. -t^The electromechanical connection as claim e d in claim 16, charact e riz e d in 
tha taccording to claim 50. wherein (23 1) of the microcapsules (23 1, 23 2) is used as 
mat e rial for the connect^ elements (11, 21) of el e ctronic circuit system (10) and 



is us e d as mat e rial for th e connection el e m e nts (11,21) . 

52. 4£^The electromechanical connection as claimed in one of claims 1 to 17, 
charact e riz e d in that according to claim 35. wherein the mi croca psules are provided in a 
single layer 4 e fsaid microcapsules (23 - 1, 23 - 2) b emg of j uniform size and embedded in a 
polymer film are provid e d . 

53. +£r~The electromechanical connection as claimed in one of claim s 1 to 5, 
characteriz e d in that according to claim 35. where in the grains are electrically conductive 
metal grains (23 - 1) which are covered with an insulating enamel (23 - 2) and ^which grains 
at least in part consist of a solder metal ar e used as microcapsules (23 1, 23 2) . 

54. 2Qr~The electromechanical connection as claimed in according to claim 4-9^ 
charact e rized in that 53. wherein the electrically conductive grain (23 1) of the 
microcapsules (23 1, 23 2) consist entirely of solder metal. 

55. QA-r-Thz electromechanical connection as claim e d i n according to claim 19 or 
20, characterized in that a 53. wherein the solder metal is selected from the group 
consisting of tin, indium, and gallium is us e d for th e e l e ctrically conductiv e grains (23 1) . 
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56. 23h— The electromechanical connection as claimed in claim 19 or 20, 
charact e riz e d in that according to claim 53. wherein the solder metal is a soft-solder alloy 
i s used for th e electrically conductive grains (23 - 1) . 

57. 23r-The electromechanical connection as claim e d in on e of claims 19 to 22, 
characterized in that according to claim 53. wherein a solderable metal is used for the 
connection elements (11,21) of electronic circuit system (10) and substrat e (20) . 

58. 24r-The electromechanical connection as claimed in according to claim 2^ 
charact e riz e d in that a 57. wherein the solderable metal is selected from the group 
consisting of copper, nickel, silver, ancL gold is used as the solderable metal for the 
conn e ction elem e nts (11, 21) . 

59. 25^The electromechanical connection as claimed in according to claim 4-9j 
charact e riz e d in that 53. wherein the electrically conductive grains (23 1) of the 
microcapsules (23 - 1, 23 - 2) are formed from an electrically conductive metal core which 
is covered with a solder material. 

60. 36r-The electromechanical connection as claimed in claim 25, characterized in 
that according to claim 59. wherein the electrically conductive metal core is comprised of 
coppe r is used as material for the electrically conductive metal core . 

61. 27r-The electromechanical connection as claim e d in claim 25 and/or 26, 
characterized in that tin i s used as solder material fo r accordin g to clai m 59. wherein the 
covering of the core is comprised of tin . 

62. 28r-The electromechanical connection a s claimed in one of claims 1 to 27, 

characteriz e d in that according to claim 35. wherein the electrically conductive grains (23- 

4-)-of the microcapsules (23 1, 23 2) have a diameter of the ord e r of magnitude of 10 \im 9 

pr e f e rably l e ss than about 10 |nm. 
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63. 29^The electromechanical connection as claimed in according to claim ¥h 
charact e rized in that jSL wherein the tin covering of the core has a thickness of th e ord e r 
of magnitude o f about 200 nm. 

64. 3Q^The electromechanical connection as claim e d in on e of claims 1 to 18, 
characterized in that according to claim 46. wherein the layers of solder which are applied 
to the connection elements (11, 21) have a thickness of the order of magnitude o f about 10 
)im, pref e rably less than 10 \im. 

65. 3Arr-A method for producing the electromechanical connection as claim e d in 
one of claims 1 to 30, characterized in that, afte r according to claim 35. comprising 
compressing the microcapsules (23 1, 23 2) e mb e dd e d in an adh e sive (2 4 ) or a polym e r 
film have been introduced between electronic circuit system (10) and substrate (20), the 
microcapsul e s (23 1, 23 2) b e tw e en th e conn e ction e l e m e nts (11, 21) of th e circuit 
system (10) and of the substrate (20) are compressed under s uch a force such that the 
dielectric (23 2) coating on electrically conductiv ethe grains (23 1) situat e d b e tw ee n 
connection el e ments (11, 21) which face one another is broken open, and producing the 
soldered joint (25 to 28) in e ach cas e b e tw e en thos e ar e as of th e grains (23 1) which face 
the connection s (11,21) and the connections (11,21) is produced by diffusion soldering. 

66. 32^The method as claimed in accordingJo claim 31, charact e riz e d in that 65> 
further co mprising applying layers of solder metal (25, 27) are applied to connection 
elements (11, 21) in a thickness which is such that, during a diffusion-soldering process 
between metals of the electrically conducti ve grains (23 - 1) or grains (23 1) in the form of 
metalliz e d insulators and th e solder m e tal , the solder metal is completely converted into 
an intermetallic phase (26, 28) . 
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67. ^-The method a s claim e d in according to claim 31, characterized in that, 
when ur , ing 65. wherein the microcapsules (23 1, 23 2) whos ehayg electrically conductive 
grains f23 - 1 ) consi st consisting entirely of solder metal, and connection elements (11, 21) 
which are free of solder metal on oloctronic circuit system (10) and substrat e (20) , 
thefiirther com prising selecting a thickness of the connection elements (11, 21) is selected 
in such a wayg g that sufficient material is available for tfeeg transformation process 
during the diffusion soldering. 

68. 34r-The method as claim e d in according to claim 31, characterized in that, 
55. wherein the microcapsules (23 - 1, 23 2) whose haye electrically conductive 



P grains (23 D comprise comprising an electrically conductive metal core covered with a 

Q 

[pii solder metal, and wherein the connection elements (11,21) which are free of solder metal 

00 

Uf on electronic circuit system (10) and substrate-{2©), further comp risin g selecting the 

CO 

W thickness of the connection elements (11, 21) and-ef the solder metal is selected in such a 

way that their material there is sufficient material , during the diffusion soldering^ for tfeea 
transformation process between connection element material and core metal having the 
solder m e taU 

69. The electromechnical connection according to claim 62. wherein the diameter 
of the microcaps ules is less than 10 um. 

70. The electromechanical connection ac cordin g to claim 64. wherein the layers 
of solder have a thickness of less than 10 um. 
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In an electromechanical connection between electronic circuit systems (10) and 
substrates (20), these components are mechanically connected fixedly to one another, 
their electrical connection elements (1 1, 21) are connected to one another in an 
electrically conductive manner via microcapsules (23-1, 23-2), which comprise grains 
(23-1) which are coated with a dielectric (23-2) and, at least in part, are electrically 
conductive, and there is an electrically conductive soldered joint (25 to 28) between 
microcapsules (23-1, 23-2) with broken-open dielectric (23-2) and the electrical 
connection elements (11,21). 
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